Introduction
The World health organisation (WHO) reported major advances in the treatment of tuberculosis (TB) disease, with a 47% reduction in mortality between 1990 and 2015. The incidence of TB had fallen by 1.4% every year since 2000, but due to better reporting had risen to an incidence of 10.4 million cases in 2015, 11% of whom had human immunodeficiency virus (HIV) infection. Following the geographical distribution of the two epidemics, TB/HIV cases are mainly concentrated in Sub-Saharan Africa and former-Soviet Union countries (table I) [1] . TB is the most prevalent opportunistic disease among people living with HIV (PLHIV), and the most common presenting illness in newly HIV diagnosed patients. Approximately 400,000 HIVinfected persons died of TB in 2015 [1] , which accounted for nearly one-third of all mortality in this high-risk population. Among the 36.7 million individuals who were estimated to be HIV-infected in 2015, one in four is estimated to have latent TB infection (LTBI) [2] ; HIV+ individuals are 26-fold more likely to develop active TB disease than HIV-individuals [1] . As many as 1.17 million new TB incident cases occurred among PLHIV in 2015, a third of whom were started on antiretroviral therapy (ART). Increased TB risk is observable as early as HIV seroconversion and further exacerbates as CD4+ T cell counts decrease.
Therefore, HIV+ individuals have a much higher probability of progressing to active TB disease, although they are not necessarily more infectious to others. These are some of the reasons behind WHO recommendation that all patients with a diagnosis of TB should be offered HIV testing [1] . The management of HIV and TB co-infections is challenging and usually associated with less favourable treatment outcomes. The emergence and spread of drug resistance among Mycobacterium tuberculosis (MTB) strains constitute an even greater threat for an already problematic epidemic, for both clinical and public health reasons. In South Africa where HIV testing and drug susceptibility testing (DST) capacity for MTB is robust, 40-80% of patients with multidrug-resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB) are HIV-infected [3, 4] . Other more localised epidemiological "hot-spots'' exist in the Russian Federation and Eastern Europe, often in association with injection drug use [5] . In a Latvian cohort of 5200 TB patients, the risk of developing drug-resistant TB was two-fold in HIV-infected individuals [6] . Higher rates of extrapulmonary disease and smear-negative pulmonary disease in HIV-infected subjects limit diagnosis based on sputum examination. Delay in TB diagnosis contributes to poor treatment outcomes amongst HIV-infected patients. The effort to have a culture-based diagnosis of TB is imperative, and of ART coverage, development of new updated guidelines aimed at the universal treatment of those infected, and the increasing availability of newer, more efficacious and less toxic drugs are an essential element to controlling the two epidemics. On the TB side, diagnosis of MDR-TB is becoming easier and faster thanks to the new PCR-based technologies, new anti-TB drugs active against both sensitive and resistant strains (i.e. bedaquiline and delamanid) have been developed and a few more are in the pipeline, new regimens (cheaper, shorter and/or more effective) have been introduced (such as the "Bangladesh regimen'') or are being tested for MDR-TB and drugsensitive-TB. However, still more resources will be required to implement an integrated approach, install new diagnostic tests, and develop simpler and shorter treatment regimens.
aspiration of lymph node, pleural fluid, as well as blood and urine culture for mycobacteria, have been of additive yield in diagnosing XDR-TB in some HIV-infected cohorts [7] . Once TB is diagnosed in HIV-infected patients, the international consensus favours ART naïve patients to begin ART within 2 weeks since anti-TB treatment initiation if CD4 < 50 cells/ mm 3 or if there is significantly advanced disease, and between 2 to 8 weeks if a better immunological profile is observed [8] .
Significant challenges exist for the treatment of MDR/XDR-TB in the HIV co-infected population regarding the availability of new drugs and drug-drug interactions (DDIs).
Screening and diagnosis
The choice of a diagnostic tool for TB depends on the purpose of testing (detecting LTBI, active TB disease or drug resistance), as well as on the clinical conditions of the patient and the local resources available.
Diagnosis of LTBI
Exposure to MTB leads to two broad outcomes: elimination or persistence of the pathogen. WHO defines Latent tuberculosis infection (LTBI) as "a state of persistent immune response to stimulation by (MTB antigens without any active symptoms)''. WHO estimates that the lifetime risk of activation for latent TB is approximately 5-10%. Individuals can have either LTBI or active TB, depending on changes in host immunity and comorbidities, this is considered to be a dynamic continuum. Known factors favouring the development of active disease include HIV-positive status (with a 10-30% annual risk of developing the active disease), recent contact with an infectious person, homelessness, illicit drug use and initiation of antitumour necrosis factor treatment [1] . The WHO recommends the systematic screening of active TB and LTBI in contacts in HIV-infected patients and provision of appropriate treatment, moreover, efforts towards elimination are being made in low incidence settings [152, 153] . Latent TB can be diagnosed with the use of tuberculin skin testing (TST) or interferon gamma release assay (IGRA) tests.
In patients with positive TST, the risk of developing active TB increases to 76% in those who are HIV-positive compared to 10% in HIV-negative patients [10] . British HIV association (BHIVA), National institute for health and care excellence (NICE) and American centers for disease control and prevention (CDC) have all recommended that latent TB testing should be performed following clinical risk stratification.
BHIVA recommends that the following should be taken into account before testing HIV-positive individuals with IGRA: country of origin, duration of antiretroviral treatment, and CD4+ cell count [11] . NICE guidance gives the option of testing with IGRA alone or IGRA and TST in patients who are immunocompromised but, specifically, recommends dual testing with IGRA and TST in PLHIV with CD4+ cell count less than 200 cells/mm 3 [12] .
The latest CDC guidelines from 2010 recommend testing for latent TB in all HIV-positive individuals with either IGRA or TST. However, they support the use of IGRA in the BCG-vaccinated and those likely to default TST reading. CDC recommends dual testing if initial testing is negative [13] . Previous guidelines from CDC and American thoracic society (ATS) in 2000 and by ATS, CDC and infectious diseases society of America (IDSA) in 2005 recommended risk stratification and testing with TST in high-risk groups [14, 15] . By contrast, guidelines in 2002 from US public health service and IDSA recommended testing all patients with HIV for latent TB with TST. Guidelines from WHO [16] also recommend risk stratification and testing with either IGRA or TST in high-income countries (TB incidence less than 100 cases per 100,000 inhabitants) and just TST in low-income countries [1] . Similarly, the European centre for disease prevention and control (ECDC) guidelines (2011) recommend risk stratification and testing with both IGRA and TST in high-risk patients [17] . The use of TST as a screening tool for latent TB has some distinct disadvantages, such as false positives in those with BCG vaccination and infection with non-tuberculous mycobacteria [18] , and false negatives in those with weakened immunity (such as HIV-infected) [19] . IGRAs are more specific in those with previous BCG vaccinations and weakened immunity. IGRAs involve a single blood test, where synthetic peptides interact with M. Tuberculosis specific T cells which release interferon gamma [19] . A meta-analysis by Menzies et al. reported that IGRAs are more specific than TST for both positive and negative tests [20] . In 2011, Diel et al. published the results of a systematic review and meta-analysis of studies comparing TST and IGRAs. They concluded that IGRAs are more specific than TSTs and have higher positive and negative predictive values [21] . Despite this, there is limited data on the benefit of either test in HIV-positive individuals, especially those with low CD4 counts. Ayubi et al. published the results of their meta-analysis in 2016 and concluded that there was a fair agreement between TST and IGRAs in those with good CD4 counts. However, a significant limitation in these studies was posed by small sample sizes [22] . Another study showed that in individuals with low CD4 counts IGRAs were more accurate than TST [23] .
Diagnosis of active tuberculosis
TB diagnosis in HIV-infected patients may be challenging, given the higher rates of sputum smear-negative and extrapulmonary disease. Smear-negative, culture-positive pulmonary TB is common and frequently occurs with advanced immunosuppression [32] . Cavitary pulmonary cases are more likely to be smear positive, whereas a negative smear in a patient with minimal findings on chest radiograph is not unusual, and does not rule out active TB. Testing for TB infection in those with a known HIV diagnosis is cost-effective even in low-incidence settings [33] . 
Symptom screening
Previous WHO guidelines suggested that a cough in a HIV patient should alert the clinician to investigate for TB; however, the sensitivity of this test is inadequate at 40-60% [25] . It has been found that combining multiple classical symptoms (cough, weight loss, fever and night sweats) increases the sensitivity of detecting TB with one definite symptom-giving a sensitivity of 75% and specificity of 50% [26, 27] . Symptom-based screening is limited for establishing a diagnosis of TB in HIV-infected patients. Cough, fever or night sweats > 3 weeks in the preceding month had a sensitivity and specificity of 93% and 36%, respectively [34] . However, the absence of symptoms such as fever, night sweats, weight loss, and cough had a 97.7% negative predictive value to exclude active TB infection [27] . In one study, almost a quarter of patients who were diagnosed with pulmonary TB reported no cough but were able to provide a sputum sample [35] (table II) . ART initiation can be problematic in unmasking undiagnosed TB and areas of high burden of TB disease; up to 40% of TB cases diagnosed within 4 months of ART initiation were thought to be due to subclinical infection before ART treatment [28] . This has led to guidelines being changed to look for all those mentioned above four classic TB symptoms and if any is present to investigate further for active TB disease. In areas of high disease, burden up to 20% of those starting ART had undiagnosed TB due to inadequate screening programmes [25] . Early diagnosis of TB in HIV patients is imperative as it is known to reduce morbidity, mortality, IRIS incidence rates as well as nosocomial transmission of MTB.
Tuberculin skin testing
TST in HIV-positive individuals, defined as positive by a skin induration ! 5 mm [36] is more likely to be falsely negative, especially with lower CD4+ cell counts. TST positivity varies by CD4 stratum: 12.4% with CD4+ < 200; 28.4% with CD4+ between 200 to 499; and 37.4% with CD4 > 500 [36] . TST has no value for diagnosing active TB in adults in areas where TB prevalence is high. C-Tb, a novel TST utilising ESAT-6 and CFP-10 antigens, has similar sensitivity compared with QFT-GIT for the diagnosis of MTB infection. However, sensitivity is reduced in HIV-infected patients with severe immunosuppression [37] . In low TB prevalence settings, a positive TST in a patient with symptoms and signs suggestive of TB may support the diagnosis but when negative it does not exclude active disease.
IGRAs
IGRAs are blood tests approved for the diagnosis of LTBI (the two most widely used are T-Spot.TB and QuantiFERON Gold In-Tube -QFT-GIT). They are more accurate than TST in BCG-vaccinated subjects and appear to retain sensitivity at lower CD4+ cell counts, [38] however, T-SPOT seems to be less affected by lower CD4+ cell counts than QFT-GIT and TST [39] . Evidence regarding the role of IGRA to predict the presence of active TB in HIV+ individuals is lacking.
Microbiological evaluation
Sputum specimens for smear and culture In a recent study, Pouched rats detected 60% of TB patients otherwise missed by clinics, but identifiable with concentrated smear microscopy. The rats could potentially make a difference in low-resource settings [40] . Microscopy, however, remains an essential part of TB diagnosis. At least two sputum samples should be collected for AFB smear and culture, preferably on different days and at least one being an early morning specimen. The incremental yield of a third sputum smear may be limited to 2% to smear alone, but it reaches 10% for liquid cultures; nevertheless, the yield of sputum smear decreases with lower CD4+ counts [41] . In HIV-positive individuals, sputum smear microscopy detects only 22-43% of active TB disease [42] . Given the high rates of AFB smear-negative disease, culture is essential to confirm TB and for drug susceptibility testing in HIV+ patients. In a study, the Mycobacteria growth indicator tube (MGIT) liquid culture-confirmed 71% of TB cases, and the use of 3 MGIT cultures gave the highest yield, identifying 98% of TB cases in a time range of 7 to 28 days [41] . Drug susceptibility tests (DSTs) are available within 10-21 days after culture isolation. Bronchoscopy with lavage and biopsy can be useful in the evaluation of individuals with abnormal chest imaging and negative sputum smears. Histopathology and AFB smear of specimens obtained by bronchoscopy can make a suggestive diagnosis of TB in more than a third of individuals, similar to the yield in HIV-negative cases with smear-negative pulmonary TB [43] . Positive cultures for MTB provide a definitive diagnosis of active TB. However, approximately 15% of reported TB cases among HIV-positive individual are culture negative [44] . Induced sputum by ultrasonic nebulization with hypertonic saline may represent a valid alternative to bronchoscopy in patients unable to expectorate or with repeatedly negative smears on spontaneous sputum [45] . Thoracentesis 
Rapid methods
Modern diagnostic tests are now available, but they also have their pitfalls. The use of PCR is becoming more accessible and proving to be a valuable diagnostic tool in early detection of TB disease. The well known GeneXpert MTB/RIF (Cepheid) can give a diagnosis of TB in less than 2 hours, requiring limited laboratory skills, has specificity result of 100% and can increase detection rate by 45% when compared to smear microscopy alone [29, 30] . In particular, WHO strongly recommends Xpert MTB/RIF as an initial diagnostic test in these patients in adults and children presumed to have MDR-TB or HIV-associated TB [53]. Owing to superior accuracy than sputum smear microscopy [54, 55] , the WHO recommends Xpert MTB/RIF as a first-line test in all adults or children suspected of having active TB disease [53] . Xpert MTB/RIF has paved the way for meeting a key component of the first pillar of the END-TB Strategy; early diagnosis of TB including universal drug susceptibility testing [56] . The Xpert MTB/RIF assay is a nucleic acid amplification test that can rapidly identify the presence of MTB complex and rifampin resistance. In a systematic review, sensitivities in sputum smear positive and negative patients with positive cultures were 98% and 67%, respectively, with a specificity of 99%, while sensitivity of 95% and specificity 98% were identified for rifampicin resistance detection [57] . A recent meta-analysis shows the pooled sensitivity and specificity for detection of smear-negative pulmonary tuberculosis in sputum smear-negative and high TB-HIV settings were 67% and 98% respectively [58] . The Xpert MTB/RIF assay should reduce time to diagnosis and initiation of effective therapy. A significant limitation of the Xpert MTB/RIF assay is its inability to determine which patients with pulmonary TB have sputum positive for AFB on microscopy, used to guide infection control practice, contact tracing, and monitor response to treatment. In a study including 496 patients with suspected TB in South Africa, the cycle threshold values were moderately useful for ruling out smear positivity (negative predictive value 80%), although the clinical utility for ruling in smear positivity was low [59] . The Xpert MTB/RIF assay is not of value in monitoring the response to therapy, and false positives may occur in people previously treated for TB [60] . The Xpert MTB/RIF is less sensitive with smear-negative samples, but its sensitivity can be increased to 90% with the addition of 3 sputum specimens [61] . Antigen testing is becoming more widely available also in resource-limited countries. The most common test is urinary lipoarabinomannan (LAM). Urine-based detection of mycobacterial antigen LAM is a lateral flow assay for diagnosis of hematogenous disseminated TB. Use of LAM for diagnosis of TB in
The cursed duet today: Tuberculosis and HIV-coinfection HIV-infected adults may be associated with a reduction in mortality [66] . LAM has shown to be of more diagnostic value compared to smear testing, in particular among those with CD4+ cell counts < 100 cells per microliter [31] . LAM has high specificity (88% to 99%) [62] and is most sensitive in HIVinfected patients with low CD4+ cell counts [63] . The overall sensitivity of urinary LAM testing in culture-positive TB patients with HIV infection is low (40-60%) [64] , but increases to 67-85% in those with CD4 counts of < 50 cells/mL [65] . Urine LAM has been proposed as a "rule in'' test but appears inadequate as a stand-alone "rule out'' test for TB. Where possible drug susceptibility testing (DST) to first-line agents should be performed in all HIV+ patients with culturepositive TB. DST optimise the efficacy of therapeutic regimens and decrease transmission of drug-resistant TB [67] .
Management

LTBI treatment
Isoniazid monotherapy has a protective effect on reactivation of LTBI. In a study by Golub et al. [68] , the protective effect in HIVinfected individuals lasted for 2 to 4 years in endemic countries and more than 19 years in countries with low incidences [68, 69] . BHIVA guidelines recommend treating LTBI in HIV+ patients with daily isoniazid (H) with pyridoxine as the preferred method for 6 months or, an alternative, combination of rifampicin (R) and H for 3 months. NICE, however, recommends either 6 months of H (with pyridoxine) or 3 months of R and H in combination. CDC recommends daily H for nine months as the preferred treatment with twice weekly isoniazid as an alternative. The combination of H and rifapentine is not currently recommended by CDC in individuals with HIV on ART for risk of drug-drug interactions. WHO (2016) recommends the use of at least 6 months of preventive H monotherapy to HIV+ individuals, with a positive or unknown TST, in resource-constrained settings with high TB incidence regardless of ART or degree of immunosuppression [16] . ART reduces active TB disease incidence by fostering immune reconstitution; the lower the CD4+ T cell count, the higher the ART-associated protection [70] . The combined use of ART and H preventive treatment has shown to be additive in reducing active TB disease incidence and severe illness among HIV-positive individuals [71, 72] . The risk of developing active TB disease remains two-fold higher in HIV-positive individuals even if CD4+ T-cell count is within normal range [28] , and they can still develop active TB disease even if they are receiving ART. Flexible interventions tailored to respond to the local context and needs of the population to ensure adherence to, and completion of, LTBI treatment should be applied [73] .
Treatment of drug-susceptible TB in HIV patients
Some of the top medical organisations on the planet have published or endorsed guidelines and recommendations regarding the treatment of TB and HIV in co-infected patients [74] [75] [76] [77] [78] .
The most recent work on this topic was a publication jointly sponsored by the ATS, CDC, infectious diseases society of America (IDSA), European respiratory society (ERS), the WHO, and the Union and others [78] . Attempting to answer the most frequent questions clinicians face, we have summarised the recommendations in which there is general agreement. These must be adapted to local needs, resources and barriers.
How does the treatment of TB in HIV co-infected patients differ?
Treatment of susceptible pulmonary TB in HIV co-infected patients follows the same basic principles used for TB in HIVuninfected patients: multiple drugs, fixed dose combinations (FDC) and a two-phase regimen administered under directly observed therapy (DOT). Said approach is sufficient to rapidly decrease transmission and improve outcomes such as cure and relapse rate. Additionally, development of drug resistance is minimised [74] [75] [76] [77] [78] [79] . The main differences in TB treatment for HIV+ patients are: daily medicine intake during the two phases is preferred, and interactions with ART and other medications must be taken into account; since extensive disease and extrapulmonary TB are common, the length of therapy and monitoring of outcome must be individualised, and usually regimens longer than 6 months are used; the presence of other co-infections or kidney and liver disease may also complicate the scenario [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] .
When should TB therapy be started?
There is a general agreement that TB treatment must be started as soon as possible, irrespective of CD4+ cell count [74] [75] [76] [77] [78] [79] . Early onset of treatment decreases mortality and transmission of TB. Empirical treatment is justified by clinical suspicion, in spite of bacteriological confirmation. Nevertheless, every effort to rule out resistant TB should always be made before starting therapy by employing culturing and when available, molecular tests.
Antiretroviral therapy
The WHO recommends that all HIV-positive individuals with drug-sensitive or drug-resistant active TB disease should begin ART within the first 2 months of TB treatment, regardless of their CD4+ T cell count. Randomised controlled trials [54, [84] [85] [86] [87] , systematic reviews and meta-analyses [88, 89] confirm the benefit of combining HIV and TB therapy in reducing mortality rates. Preferred ART regimens are described in the 2016 WHO guidelines [16] ; in adults, first-line treatment comprises a combination of two nucleoside reverse-transcriptase inhibitors and a non-nucleoside reverse-transcriptase inhibitor or an integrase inhibitor. HIV+ patients with drug-sensitive or drug-resistant active TB disease and CD4+ cell counts of < 50 cells/mL should receive ART within 2 weeks of initiating TB treatment [16] unless there is a concomitant diagnosis of TB meningitis. In these patients, ART should be delayed to 2 months after the start of TB treatment to reduce the risk of severe adverse effects [89] .
Which drug regimen should be used?
Unless risk factors for resistant TB are present (retreatment, high incidence of primary resistant TB, exposure to resistant cases), a 4-drug-regimen using H, R, Ethambutol (E) and Pyrazinamide (Z) is the best choice. R can be replaced by rifabutin (RFB). This regimen uses an intensive phase with the four drugs followed by a continuation phase with only H and R. During the continuation phase; daily administration is recommended over intermittent dosing [76, [79] [80] [81] [82] [83] [84] . Doses recommended are presented in table III. The intensive phase lasts 2 months, but can be extended when the bacteriologic response is slow. Continuation phase should last at least 4 months, but many experts recommend prolonging to 7 months, mainly in those cases with extensive diseases, cavities and slow bacteriologic response.
Central nervous system disease, meningitis and bone TB may need regimens of 12 months or more. The standard 4-drugregimen can be used safely during pregnancy and breastfeeding [76, 79] . It is important to note that WHO recommends that if daily dosing is not feasible during the continuation phase, intermittent therapy three times weekly could be an acceptable alternative only if DOT is warranted [76] . Once or twice a week regimens should not be used to treat TB-HIV co-infection [90] .
How should the patients be monitored?
Monitoring during treatment should focus on clinical-bacteriological responses and actively monitor for drug-related adverse events. Bacteriological follow-up is difficult given that many of these patients are sputum smear and culture negative. In those with basal AFB sputum positivity, follow-up smears once or twice a month are useful to evaluate early response to therapy. Positive cultures after 3-4 months of therapy announce treatment failure and resistance should then be addressed.
Symptoms are useful indicators of improvement or worsening, but periodic radiographic and laboratory studies are needed to have a full evaluation [74] . Offering adequate DOT strategies must be a top priority in any TB program since it is a worldwide standard of practice [76, 79, 90] . The main toxicity related to H, R and Z is hepatitis; discontinuation of all the drugs and rechallenging them in a progressive fashion is a useful approach, and the authors recommend starting with R and E first. If intolerance to any of the drugs is observed, patients must be treated as resistant to such drug [74] and possibly another drug added to the regimen, most commonly a quinolone.
Management of MDR and XDR TB in HIV co-infected patients
The spread of drug-resistant forms of TB is a significant threat at the global level and represents an even greater scourge in areas with a high HIV prevalence [1] . The burden of MDR and XDR-TB among PLHIV is likely to be underestimated due to the limited laboratory capacity that remains a considerable challenge in low-and middle-income countries, where mycobacterial culture is only seldom available. The rising implementation of rapid biomolecular tests such as Xpert MTB/Rif is significantly improving the case detection rate, though such assays do not allow for a comprehensive picture of drug-resistance patterns that can only be obtained through DST on solid or liquid culture [57, 92] . MDR-TB is caused by mycobacterial strains resistant to at least both H and R, while XDR-TB corresponds to a multidrug-resistant pattern with additional resistance to fluoroquinolones and at least one second-line injectable agent. As a consequence, such cases cannot be treated with the standard first-line regimen and are associated with a much poorer outcome, both in short and the long-term [93] . Moreover, second-line drugs are characterised by higher toxicity and lower tolerability and must be used for longer periods (a total of approximately 18-20 months), although shorter regimens of up to 12-month duration are now available and can be adopted under specific conditions [93] [94] [95] [96] 150, 151] .
HIV-positive individuals are among the most at-risk groups for M/XDR-TB, as a consequence of inappropriate management of concomitant TB, which often goes unrecognised or is inadequately treated thus promoting the selection of further resistances. Also, malabsorption of some anti-TB drugs is believed to be more common among PLHIV, being responsible for subtherapeutic plasmatic concentrations and therefore reduced efficacy [97] . The cumulative knowledge of pharmacokinetics/pharmacodynamics of antituberculosis agents has brought therapeutic drug monitoring (TDM) in patient care. Logistical problems related to conventional sampling had till recently limited the use of TDM in the clinical routine. Dried blood spot (DBS) compared with venous blood sampling has the advantages of simpler sampling and transportation to the lab, widening the appeal and applicability of TDM. Also, DBS with its lower 1 Recommended daily dose in adults. H: 5 mg/kg (usually 300 mg); R: 10 mg/kg (usually 600 mg); RFB: 5 mg/kg (usually 300 mg); E: 15-25 mg/kg; Z: 30-40 mg/kg up to 2 g. Four drugs fixed-dose combination usually contains: H 300 mg, R 600 mg, E 1200 mg, Z 1600 mg. 2 3-times a week dosing: H: 15 mg/kg up to 900 mg, R: same as for daily dose, 600 mg. Two drugs fixed-dose combination usually contains: H 800 or 900 mg and R 600 mg. 3 Only if DOT is warranted.
The cursed duet today: Tuberculosis and HIV-coinfection biohazard status can be safely performed in a higher HIV prevalence areas [98] . Use of TDM could lead to more effective and less toxic regimens and reduce drug-resistance [99] [100] [101] [102] . Whether HIV infection is an independent risk factor for the emergence of multidrug-resistant mycobacterial strains is still a matter of debate [103] [104] [105] . Hence, early detection of active TB and the quick identification of drug-resistant strains are pivotal to increase the chances of success, provided that an optimal integration of TB and HIV services is ensured [75] . The combination of anti-TB treatment and ART may become a big challenge for the clinician coping with the management of DDIs and adverse events in addition to the several complications of AIDS [106, 107] . While many studies have already demonstrated that ART is highly beneficial for dually infected individuals, leading to a considerable improvement in survival, evidence for MDR-TB patients who are HIV-infected is still very limited [108] [109] [110] [111] . According to a systematic review published in 2012, the effect of ART is likely to be similar in this population irrespective of the level of immunodeficiency, though greater benefits are expected among patients with an advanced stage of HIV disease (i.e. with a CD4+ cell count below 50/mL) [112] . In particular, the use of ART was found to be associated with higher rates of sputum smear conversion and shorter time to conversion as well, probably reflecting a positive effect on the immune response to mycobacteria [112] . Antiviral and anti-TB drugs must be chosen with caution by taking into serious consideration the potential overlapping toxicities and the pill burden which may be responsible for a sub-optimal adherence to treatment [113, 114] . Among the most commonly observed toxic effects are renal and hepatic toxicity. For instance, the co-administration of tenofovir (which is part of the recommended first-line ART regimens) with aminoglycosides may lead to severe nephrotoxicity, while liver dysfunction can be favoured by non-nucleoside reverse transcriptase inhibitors (NNRTIs) (above all nevirapine [NVP] which is widely used in resourcelimited settings) or some protease inhibitors (PIs) especially when associated with some anti-TB second-line molecules such as ethionamide/prothionamide or para-aminosalicylic acid. Moreover, the concomitant use of some nucleoside reverse transcriptase inhibitors (NRTIs) such as zidovudine with linezolid, which is being increasingly utilised in M/XDR-TB regimens, should be conducted under close monitoring due to the resulting enhanced myelosuppression. The integrase inhibitor class of antiretroviral drugs offer less interaction with second-line TB medications but are not routinely available in TB endemic settings. The WHO recently recommended the use of a shorter MDR-TB regimen which allows for the reduction of treatment duration from 18-22 months to 9-12 months. This represents a paradigm shift in the management of drug-resistant cases, potentially simplifying and delivering greater access and wider dissemination of life-saving therapy to a larger number of people in resource-limited settings, possibly reducing defaults and improving completion rates through better adherence and tolerance to a shorter regimen [93, 95] . Unfortunately, such short regimen has some limitations depending on the resistance pattern of the isolated strains [95] . On the novel anti-TB drugs that were recently approved by the WHO, an interim cohort analysis carried out in South Africa on 91 M/XDR-TB patients, 59% of whom were HIV-positive, suggests that bedaquiline may be safe and effective regardless of HIV status [115] . In this study, all patients who were receiving an efavirenz-based ART regimen when started on bedaquiline were switched to either NVP or lopinavir/ritonavir (LPV/r), in accordance with currently available pharmacokinetic data, though NVP seems to be safer than LPV/r and does not require any dose adjustment [116, 117] . Although there is even less evidence concerning the use of delamanid in association with antiretroviral agents, no significant DDIs have been flagged up to now [118] . There is accumulating evidence for the safety and efficacy of bedaquiline in HIV-infected patients with XDR-TB. The majority of patients in the South African early access program for bedaquiline were HIV-infected, and of those remaining on bedaquiline with 6 months of follow-up, 48 (76%) had either cultureconverted or remained culture-negative, a significant improvement from historical norms [119] . Formal trials of delamanid have to date enrolled very few patients with HIV infection and none on ART [120] . The phase 3 trial of the all-oral regimen of bedaquiline, pretomanid, and linezolid (BPaL) does include HIVinfected patients, but with CD4+ cell count-and ART regimenbased exclusions limiting the number of those participants who would belong to the most important target group [120, 121] . Initial data from this study was presented at the 47th Union conference and reported that BPaL could treat XDR-TB in 6 months. The interim results for the first 15 participants enrolled in the study, of whom 7 were HIV+, showed that 12 of them completed 6 months of therapy. The majority were culture negative by week 8. As of October 2016, 30 patients have now completed 6 months of treatment and all have sputum converted. To date, there have been no relapses. However, the study is small and still ongoing. Four patients have died, however substantially lower mortality than ever reported before [122] (see table IV for current drug trials). In summary, the best approach to M/XDR-TB in people living with HIV has yet to be defined. However, a personalised approach appears to give the best outcomes [123] , with careful clinical and laboratory monitoring remaining essential for the correct management of these complex cases. Infection control measures need to be appropriately implemented to limit transmission to other susceptible individuals attending the same health facilities of TB-HIV coinfected patients, and active case finding must be routinely put in place, especially in high-burden areas to promote early diagnosis and treatment.
HIV-TB special topics
The management of HIV-TB is complicated by several factors; firstly, DDIs between TB drugs and ART makes it difficult to design safe and effective regimens, which can cause severe adverse effects, such as hepatotoxicity and neurotoxicity.
Secondly, in restoring immunity, ART can trigger the immune reconstitution inflammatory syndrome (IRIS), whereby the host inflammatory response to MTB infection is disproportionate and worsens the patient's status. Last but not least, TB in HIV is more likely to recur. The cursed duet today: Tuberculosis and HIV-coinfection
HIV and TB drug interactions
Most HIV drug class are metabolised through the intestine and liver either undergoing phase 1 oxidative metabolism via the cytochrome (CYP) P450 enzyme system and some undergoing phase 2 biotransformation with glucuronidation, via the uridine diphosphate glucuronosyltransferase (UGT) enzyme pathways. Antiretroviral drugs, as well as being substrates of CYP 450, can inhibit and induce this enzyme system. Rifamycins are potent inducers of the CYP enzyme system (in particular CYP 3A4 and CYP 2C). R is the most potent inducer, RFB is 60% less powerful than R. RFB (not rifampicin) is also a substrate of CYP 3A4. This can lead to bi-directional pharmacokinetic interactions and subtherapeutic antiretroviral drug levels, leading to HIV treatment failure or sub-therapeutic rifamycin drug levels and TB treatment failure [124] . R also induces UGT 1A1. Integrase inhibitors are metabolised by this pathway [125] . Rifamycins induce P-glycoprotein transporter via the intestine, impacting absorption and metabolism of some HIV drugs [126] . Rifapentine (RPT) is not recommended for TB treatment in HIV-infected patients, and there is a paucity of data on the PK of RPT in the context of ART. NRTIs are not extensively metabolised by CYP P450. There are no dosage adjustments required to NRTIs when co-administered with anti-TB therapy. NNRTIs globally available are efavirenz and NVP. NVP is extensively metabolised via CYP 3A4 and induces CYP 3A4, leading to a potential for bi-directional DDIs via the CYP 3A4 pathway. Pharmacokinetic studies demonstrate approximately 30-40% reduction in serum NVP levels when co-prescribed with R. Data suggests that NVP based regimen in the face of TB therapy is inferior to an efavirenz based regimen, and should be prescribed with caution [127] . Efavirenz is primarily metabolised via the CYP 2B6 iso-enzyme. There is wide pharmacogenetic variability in CYP 2B6 in individuals and thus, wide variability of efavirenz levels when coprescribed with R. Individuals carrying the T/T genotype (more common in black populations) of CYP 2B6 demonstrate higher plasma levels of efavirenz, which can lead to increased levels of neuropsychiatric side effects [128] . Co-administration of efavirenz and R can lead to a reduction in efavirenz levels of up to 30%. Earlier guidelines suggested an upward dose adjustment of efavirenz to 800 mg once daily (standard dose in 600 mg once daily) when prescribed with R, assuming a body weight above 60 kg [11] . Recent data has suggested that there is little dose adjustment required to efavirenz due to the wide genotypic variation in CYP 2B6 and body weight variability of drug distribution [128] . Efavirenz is the preferred NNRTI for TB-HIV patients. Protease inhibitors (PIs) inhibit CYP 3A4. However, the induction of CYP 3A4 by R is far more powerful. This leads to an overall lowering of the concentration of PIs to sub-therapeutic levels;
data demonstrates up to > 90% reduction in lopinavir levels [129] . Co-prescribing of R and PIs is not recommended. RFB, due to its lower potency of induction, is the recommended rifamycin to be prescribed with PIs and no dose adjustment of the PI is required. RFB is a substrate of CYP 3A4, the inhibition of CYP 3A4 by PIs can lead to increased RFB levels and drug toxicity (anterior uveitis, neutropenia). A dose reduction of rifabutin is recommended. Previous recommendations were to prescribe 150 mg alternative days or 150 mg three times a week [130] . Recent data would suggest there is a risk of subtherapeutic rifabutin levels and daily RFB 150 mg od may be used, but with close monitoring for RFB toxicity [77] . Co-prescribing integrase inhibitors and R leads to induction of the UGT 1A1 pathway and Pglycoprotein transporter leading to sub-therapeutic doses of integrase inhibitors at standard doses. Increasing the dose of the integrase inhibitor by a factor of Â 2 overcomes this with little-associated drug side effects [131] . Raltegravir dose is amended from 400 mg twice daily to 800 mg twice daily. Dolutegravir dose in increased from 50 mg once daily to 50 mg twice daily.
In the presence of integrase inhibitor resistance, the recommended dose of dolutegravir is also 50 mg twice daily. Given this, those patients with documented integrase inhibitor resistance currently prescribed Dolutegravir at a higher dose may need to modify their ART if the anti-TB treatment that includes R is necessary [132] . Of the novel anti-tuberculous drugs bedaquiline is metabolised by CYP 3A4 to an active metabolite. No dose adjustments are required when prescribed with nevirapine, but dose reduction and increase are seen with Efavirenz and lopinavir/ritonavir, respectively (117, 118) . Delamanid shows minimal dose alteration, although some data is suggesting increased drug levels when prescribed with lopinavir/ritonavir, leading to increased risk of QT prolongation (119, 120) .
Key messages
In the context of TB/HIV co-infection, the interaction with rifamycins and HIV therapy is the most challenging. If prescribing an NNRTI, efavirenz is preferred combined with R. If a PI is prescribed, RFB is the rifamycin of choice. Integrase inhibitors can be used in conjunction with R at an increased dose.
TB immune reconstitution inflammatory syndrome
Immune reconstitution inflammatory syndrome (IRIS) is an abhorrent immune response that occurs to MTB antigens in those patients in which there is immune recovery. The pathogenesis of IRIS remains unclear [135] . IRIS is commonly associated with those patients with HIV who have recently started ART.
Definition and clinical symptoms
These are the following features that define IRIS [11] : initial improvement on TB treatment followed by; worsening radiological features of TB; new lymphadenopathy; neurological deterioration without any other cause; worsening clinical features of TB (cough, weight loss and fevers); new infective processes and poor compliance with medication and adverse drug events must all be excluded. This phenomenon may occur at any time after initiation of TB treatment or HIV treatment, as well as be associated with an increase in CD4+ cell count. It is important to note that a positive AFB does not exclude the diagnosis of IRIS. IRIS can be divided into clinical presentation, ranging from mild to severe. The majority of cases of IRIS are in the mild to moderate range and do not require hospital admission. Lymphadenopathy is the most common presenting feature. Other features include persistent low-grade fever and worsening symptoms of TB, despite adequate treatment. Mortality is rarely attributed to IRIS.
Diagnosis
There are no serological, radiological or definitive clinical markers to determine whether a patient has developed IRIS or not. IRIS is a diagnosis of exclusion [11] .
Pathogenesis
In HIV infection, lack of CD4+ cells, as well as the presence of pathogens exerting an influence on local surrounding, by increasing IL-10 and IL-4 through mediated T cells, lead to immunosuppression. When ART is introduced, there is an increased ability to mount a response to TB. Thus, a shift in cytokine profiling from the more subtle and humoral TH2/Treg axis to the pro-inflammatory TH1 response, which interacts with mycobacterial antigens causing an inflammatory response, is observed [133] . This awakening of the immune response has also been seen in the case of TST, with patients who develop IRIS being more likely to convert from a negative to a positive result than those who do not develop IRIS [134] . Pre-ART high disease burden and monocyte counts have also been associated with higher probability of developing IRIS [135, 136] . This may explain why patients develop IRIS when the difference in time between initiating TB treatment and ART is short (< 4 weeks) [137, 138] . This could also point towards future treatments being aimed at monocytes and monocyte-derived cytokines as potential targets for control of TB-IRIS [135] .
Treatment
Lymphadenopathy is the most common presentation with TB-IRIS [11] . The majority of patients will not need any significant intervention and the symptoms usually would settle while carrying on both ART and TB medications. Surgical intervention may be required in some cases, such as persistent pleural effusion and ascites. High-dose systemic steroids have been shown to reduce hospital stay, improve chest radiography findings and the quality of life scoring [139] . There are no recognised alternative therapies, though there is a case series identifying montelukast as a potential treatment for IRIS [140] . One contentious issue that is present is the delay in initiating ART treatment in those patients with TB and HIV. There is a known association between developing IRIS and early initiation of ART treatment in relation to starting anti-TB treatment. The risk of developing IRIS increases with lower CD4+ cell counts at diagnosis. Initiating ART treatment during treatment of TB has been shown to decrease mortality rates, particularly in those with low CD4+ cell counts (< 50 cells/mL)) [86] [87] [88] 141] .
HIV-TB recurrence: relapse and reinfection
Recurrence of TB disease mainly occurs within the first year of completing treatment. Recurrence can be subcategorized into reinfection (with a secondary Mycobacterium tuberculosis pathogen that may or may not be the same strain pattern as the first infection) and relapse (continuation of the same infection despite completion of treatment) [149] . Literature reviews find the following factors that independently increase the risk of recurrence:
HIV infection; residual cavitation; greater area of involved lung tissue; positive sputum culture at 2 months of treatment; low socioeconomic status. In their review of 32 studies, Panjabi et al. report higher recurrence rates in non-HIV patients at 6 months compared to 12 months following completion of treatment [55] . The rates of recurrence are higher in countries with high TB incidence. In studies involving HIV patients, recurrence rates were greater in individuals who were HIV+. In HIV+ individuals, predictors for TB recurrence include low CD4+ cell counts and less than 37 weeks of TB treatment [55] . Chaisson et al. report similar findings in their review of two studies, comparing the rates of recurrence of TB in HIV positive and negative individuals [142] . In India, Narayanan et al. report higher rates of recurrence in HIV+ individuals (14% vs. 9%), with nearly 88% due to reinfection with a different strain of MTB [143] . Glynn et al. found similar findings in South Africa, with recurrence rates of 24.4 per 100 person years in HIV positive compared to 4.7 per 100 in HIV-individuals [144] . As recurrence rates were measured 2 years following completion of treatment, the authors assumed that recurrence occurred due to reinfection. This is based on previous literature that states that nearly all recurrence takes place within the first 2 years following completion of treatment. Nevertheless, the findings highlight that HIV infection does increase the risk of MTB reinfection, with low CD4+ cell counts increasing that risk significantly [142] . However, the evidence suggests that HIV infection is not associated with relapse, but is an attributable risk factor for reinfection [145] . Relapse rates have been shown to decrease with directly observed therapy (DOT) [147] . In England and Wales, both new and recurrent episodes of TB disease are reported to the Health protection agency. Crofts et al. reviewed these reports from 1998-2005, and defined recurrence as an episode of TB disease occurring within 12 months following completion of treatment. They found that the recurrence rates in England and Wales are low (4.1 episodes per 1000 person-years of follow-up), but the risk is higher in HIV infection (7.6 episodes per 1000 person-years of follow-up) [148] .
Expert commentary and conclusions
TB and HIV co-infections continue to be major public health concerns worldwide. Their deadly association have slowed down the TB incidence decline over the last two decades, representing a significant barrier towards TB elimination. At the same time, TB is still responsible for almost one-third of deaths among HIV-infected people. Still many challenges lay ahead before being able to address this co-epidemic efficiently. Such problems cover all areas of TB control, such as diagnosis, drugs (availability of new and cheap drugs), treatment resistance, treatment regimens for both drugsensitive and drug-resistant TB, etc. In fact, the current battle against TB is based on several tools and "armamentaria'', some of which are more than a century old. Regarding HIV, underdiagnosis, delayed diagnosis, retention in care, lack of full availability of ARVs and cost of second-and third-line drugs are among the key challenges. Specifically, the clinical and public health management of HIVinfected individuals with MDR-TB is complicated to organise; middle and low-income countries are facing difficulties, especially those where a rampant epidemic of MDR/XDR-TB is ongoing.
However, not all is doom and gloom, during the last few years TB and HIV diagnosis and management have seen significant and unexpected improvements. On the HIV side, expansion of ART coverage, development of new updated guidelines aiming at universal treatment of those infected and the increasing availability of newer, more efficacious and less toxic ARVs are essential elements impacting on the two epidemics. On the TB side, diagnosis of MDR-TB is steadily becoming easier and faster, thanks to the new technologies based on PCR, new anti-TB drugs working with both sensitive and resistant strains (i.e. bedaquiline and delamanid) have been developed, and a few more are coming in the near future, new regimens (cheaper, shorter and/or more effective) have been introduced (such as the "Bangladesh regimen'') or are being tested for MDR-TB and drug-sensitive-TB. Nevertheless, this persisting TB/HIV co-epidemic, the cursed duet of this paper, needs to be faced with an integrated approach. One such approach is the one that could include the implementation of the 12 TB/HIV collaborative activities recommended by WHO [1] . Such actions are recommended to systematically screen individuals infected with Mycobacterium tuberculosis, as well as those affected by TB in HIV/AIDS clinics; from the TB side, systematic screening for HIV infection is recommended in all TB cases. If fully operative in all countries, it could allow for every TB-HIV co-infected individual to be managed as per WHO guidelines ensuring, amongst other interventions, rapid initiation of effective ART. 
